Abstract. The large time behaviour of a dissipative, thermoviscous, CouettePousielle flow is examined by asymptotic methods. Previous results on the adiabatic case are confirmed. In the case of a weakly conductive fluid the approach to a bounded, hot, steady state is shown to be caused by a forced linear diffusion mechanism.
1. Introduction. The large time behaviour of a thermoviscous Couette-Pousielle flow with viscous dissipation has recently been considered by Boudourides and Charalambakis. This work considers a fluid with zero thermal conductivity and a viscosity which depends upon temperature in such a manner that as the fluid heats up the viscosity tends to a constant value. Using functional analysis methods the authors derive orders of magnitude for the fluid velocity and temperature at large times. In particular it is shown that in this adiabatic case the temperature is, in an asymptotic sense, proportional to time and that the velocity approaches the isoviscous steady state solution.
This paper generalises the above work by considering a dissipative thermoviscous fluid with weak thermal conductivity. By employing a perturbation method the adiabatic case above is found as a leading-order problem. The large time behaviour of this is examined by an asymptotic method and explicit, rather than order of magnitude, results are found which confirm previous work. Consideration of the first perturbation to the adiabatic problem reveals a nonuniformity in the perturbation series which suggests that the large time behaviour of the adiabatic and weakly conductive problems may be quite different. Finally, it is shown that the weakly conductive problem has a well defined steady state solution which is approached, at large times, by a forced linear diffusion of heat with a subsequent bounded heating of the fluid. where x is a coordinate perpendicular to the pressure gradient and shear directions. It will be supposed that the fluid velocity is u -0 at x = 0 and u = U at x = L. The thermal conductivity k is taken as constant and the viscosity ji is dependent on temperature, i.e., n = /i0f(T) where n0 is a typical scale for the viscosity. Temperature boundary conditions of various forms can be prescribed at x = 0 and L. 
In (2.4), (2.5) P0 is a scaled pressure gradient, R0 is a Reynolds number and e = k/pcvLU is the reciprocal of the product of a Prantl number and Reynolds number. For weakly conducting fluids e < 1 ; the adiabatic case considered by Boudourides and Charalambakis corresponds to e = 0. The form of viscosity variation with temperature adopted by these authors is retained here, i.e., f(T) = 1 + T~' as this allows an approach to constant viscosity as the fluid heats up. Solutions to these equations are now sought in the form u = u + eu + 0{e2), T = T° + eTl + 0{e2) (2.6) and give rise to the following sequence of problems:
Equations (2.7,) are the adiabatic problem considered by Boudourides and Charalambakis. Equations (2.72) represent the first correction to the adiabatic state. The solutions to these are easy to find by direct integration. However it suffices to note that ue = 0(?~y), Tlf = 0(12). This shows that the large time behaviour of the original perturbation series (2.6) is of the form u = \P0R0x(l -x) + x + 0(t y, etx y) T={ 1 + ^iy?0(l -2 x)}2t + 0(tl~y, st2).
(2.14)
The presence of the secular terms st1_>' and st2 in the expansions for u and T limits the validity of the series to times < 0(s' ~1) and calls into question the validity of the adiabatic limit as the leading-order behaviour of the weakly conductive fluid. In order to produce a uniformly valid description of the velocity and temperature at large times it is necessary to include some thermal conductivity in any perturbation to Eqs. ub(x, Tc(x, t)), Td = Td(x, e , Tc(x, t)). As Tc only contains terms which decay in time it can be concluded that the series (2.16) is uniformly valid, at least in its first two terms.
Finally we note that Eqs. (2.4, 2.5) have a formal steady state solution (|^ = 0) which corresponds to 7 -► oo in (2.18), indicating that the steady state is reached via the forced linear diffusion exhibited in the large time behaviour of the equations.
3. Conclusion. The large time behaviour of a dissipative thermoviscous CouettePousielle flow has been examined in the case of weak conductivity. Previous results on the adiabatic limit of this type of flow are confirmed by a different method. It is suggested, however, that the large time behaviour of this system is not adiabatic but is dominated by a forced linear diffusion into a bounded, hot, steady state.
